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RADIATION PROTECTION IN 
INTEGRATED CIRCUITS 



ickground of Invention 

During IC fabrication, some processes subject the substrate to UV radiation (e.g., 
lithography). Exposure to UV radiation has been known to degrade some types of 
materials used to form the ICs. For example, ferroelectric materials used to form 
components such as ferroelectric capacitors of ferroelectric memory cells are sensitive 
to UV radiation. 

Fig. 1 shows a conventional ferroelectric memory cell 1 05 having a transistor 1 30 
and a ferroelectric capacitor 140. The capacitor comprises a ferroelectric ceramic thin 
film sandwiched between first and second electrodes 141 and 142. Electrode 142 is 
coupled to a plateline 1 70 and electrode 1 41 is coupled to the transistor which 
selectively couples or decouples the capacitor from a bitline 160, depending on the 
state (active or inactive) of a wordline 1 50 coupled to the transistor gate. A plurality of 
cells are interconnected by platelines, bitlines, and wordlines to form an array. 

To realize high-density ICs, a capacitor over plug (COP) structure is employed. Fig. 
2 shows a conventional ferroelectric COP structure 203. The COP structure is formed 
on a substrate 205 and insolated by an interlevel dielectric (ILD) layer 270. The COP 
structure includes a capacitor 240 having a ferroelectric layer 246 located between 
first and second electrodes 141 and 142. The first electrode is coupled to, for 
example, a diffusion region of a transistor via a plug 265 while the second electrode is 
coupled to a plateline via a contact formed in a contact hole 268. 

To form the contact hole, a conventional lithographic process is used. Such 
lithographic process subjects the substrate to UV radiation. As shown, the 
ferroelectric material on the capacitor sidewalls is exposed, leaving it vulnerable to the 
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UV radiation which can degrade its electrical properties. 

[0005] From the foregoing discussion, it is desirable to provide a ferroelectric capacitor 
which avoids or reduces the adverse affects of UV radiation. 

Summary of Invention 

[0006] The invention generally relates to integrated circuits. In one embodiment, a 

substrate is provided. The substrate includes a feature formed thereon. A radiation 
protection layer is provided to cover at least the portion of the feature which is 
sensitive to radiation. In one embodiment, the radiation protection layer protects the 
feature from being damaged by radiation. 

[0007] In one embodiment, the feature comprises a ferroelectric capacitor having a 

ferroelectric layer between top and bottom electrodes. The radiation protection layer 
covers the sidewalls of the capacitor, reducing radiation damage to the ferroelectric 
layer. In one embodiment, the radiation protection layer comprises a noble metal, 
oxides, alloys or compounds thereof. For conductive radiation protection layers, an 
insulating layer can be provided between the radiation protection layer and feature to 
prevent shorting of the feature. 

Brief Description of Drawings 

[0008] Fig. 1 shows a ferroelectric memory cell;Fig. 2 shows a cross-sectional view of a 
capacitor on plug structure; 

[0009] Figs. 3-4 show embodiments of the invention; and 

[0010] Figs. 5-8 show a process for fabricating a capacitor in accordance with one 
embodiment of the invention. 

Detailed Description 

[001 1] The invention relates to protecting semiconductor features on a substrate which 
are sensitive to radiation, such as UV radiation. In one embodiment, the feature 
comprises a capacitor. Preferably, the feature comprises a ferroelectric capacitor used 
to form ferroelectric memory cells. Other types of features, such as transistors, which 
include materials that are sensitive to radiation are also useful. 
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[0012] Fig. 3 shows a feature 303 in accordance with one embodiment of the invention. 

The feature comprises a capacitor 340 formed on a substrate 305. The substrate, for 
example, comprises silicon. Other types of semiconductor substrates can also be 
used. The substrate can be, for example, prepared with a dielectric layer 370, such as 
silicon dioxide. Other types of dielectric material including silicon nitride or silicate 
glass, are also useful. A plug (not shown), for example, can be located in the dielectric 
layer to couple the capacitor to a diffusion region of a transistor, forming a memory 
cell. The plug is formed from a conductive material such as polysilicon or tungsten. 
Other types of conductive materials are also useful. A plurality of memory cells are 
interconnected by wordlines and bitlines to form a memory array. 

[001 3] In one embodiment, the capacitor comprises a ferroelectric capacitor. The 
capacitor comprises top and bottom electrodes 342 and 341 separated by a 
ferroelectric layer 346. The ferroelectric layer, in one embodiment, comprises PZT. 
Strontium bismuth tantalum oxide (SBT) or other types of ferroelectric material can 
also be used. Conductive materials, such as noble metals (e.g., platinum), can be used 
to form the electrodes. Other types of conductive materials, such as conductive oxides 
(e.g., SrRuO (SRO) or iridium oxide), can also be used to form the electrodes. 
Alternatively, the electrode can comprise a combination of conductive materials (e.g., 
noble metal and conductive oxide). It is not necessary that the first and second 
electrodes be formed from the same type of material. 

[0014] A barrier layer 356, in one embodiment, is provided between the plug and bottom 
electrode. The barrier layer inhibits the diffusion of oxygen which can oxidize the 
plug. Materials such as iridium can be used to form the barrier layer. Other types of 
barrier materials which inhibit diffusion of oxygen are also useful. An adhesion layer 
comprising, for example titanium nitride or titanium, can be provided between the 
barrier and dielectric layer to promote adhesion. 

[0015] 

In accordance with the one embodiment of the invention, a radiation protection 
layer 380 is provided to cover at least the exposed portions of the ferroelectric layer 
of the capacitor. In a preferred embodiment, the radiation protection layer comprises 
sidewall spacers to cover the sidewalls of the capacitor. Providing the radiation layer 
which covers the top and sidewalls of the capacitor can also be useful. The radiation 
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protection layer comprises a material which can block or absorb radiation, such as UV 
radiation. In one embodiment, the radiation protection comprises a noble metai, such 
as Pt, Ir, Ru, or Rh. Other materials, including oxides, alloys or compounds of noble 
metals, are also useful. Alternatively, other stable oxides or materials which can serve 
as a barrier to UV radiation are also useful. The thickness of the radiation protection 
layer is sufficient to prevent the penetration of UV radiation to the ferroelectric layer. 
In one embodiment, the radiation protection layer is about 20 nm thick. Other 
thicknesses can also be useful, depending on the material and application. 

[0016] For conductive radiation protective materials, an insulating layer is provided to 
prevent shorting of materials of the feature. For example, an insulating layer can be 
provided between the capacitor and conductive radiation protective material to 
prevent shorting of the electrodes of the capacitor. 

[001 7] In one embodiment, an encapsulation layer 376 is provided over the capacitor. 

The encapsulation layer, in one embodiment, comprises aluminum oxide (Al O ^ ). 
Other types of non-conductive barrier materials can also be used. A lower barrier 
layer can be provided between the gate and capacitor to protect, for example, the gate 
stack and contact from being oxidized during high temperature processes, such as an 
oxygen recovery anneal. The encapsulation layer can advantageously serve as the 
insulating layer. A dielectric layer 371 can be provided over the capacitor to provide 
insulation from, for example, a metal layer above. In one embodiment, the dielectric 
layer comprises oxide. Other types of dielectric material including silicon nitride or 
silicate glass, are also useful. 

[001 8] Fig. 4 shows an alternative embodiment of the invention. As shown, the feature 
402 comprises a capacitor pair 440, such as those employed in series memory 
architectures. Series memory architectures are described in, for example, Takashima 
et al., "High Density Chain Ferroelectric Random Access Memory (chain FRAM)", IEEE 
Jrnl. of Solid State Circuits, vol.33, pp.787-792, May 1998, which is herein 
incorporated by reference for all purposes. In a series architecture, memory cells of a 
group, each with a capacitor coupled in parallel to a transistor, are coupled in series. 
The memory cells of a group are arranged into pairs. 

[001 9] ca p ac jtor pair comprises first and second capacitors 440a-b. The capacitors, 
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in one embodiment, are ferroelectric capacitors. The capacitors, each comprises top 
442 and bottom 441 electrodes separated by a ferroelectric layer 446. In one 
embodiment, the bottom electrodes of the capacitors of the capacitor pair is a 
common bottom electrode. To ensure that the ferroelectric layers of the capacitors are 
separated, an overetch can be performed. The overetch removes some bottom 
electrode material between the capacitors. 

[0020] The common electrode of the capacitor pair, for example, is coupled to a common 

t 

diffusion region of two adjacent memory cell transistors by a plug. A barrier layer 456 
can be provided between the plug and bottom electrode. The barrier layer inhibits the 
diffusion of oxygen which can oxidize the plug. Materials such as iridium can be used 
to form the barrier layer. Other types of barrier materials which inhibit diffusion of 
oxygen are also useful. An adhesion layer comprising, for example titanium nitride or 
titanium, can be provided between the barrier and dielectric layer to promote 
adhesion. The top electrode is coupled to the bottom electrode of an adjacent 
capacitor pair and a common diffusion region with a transistor of an adjacent memory 
cell pair. 

[0021] In accordance with the one embodiment of the invention, radiation protection 
spacers 480 are formed on the sides of the capacitors. Alternatively, the radiation 
protection layer covers at least the ferroelectric layers. Providing a radiation layer 
which covers the capacitors is also useful. Various types of materials which prevent 
the penetration of or absorb radiation can be used to form the radiation protection 
layer. In one embodiment, the radiation protection comprises a noble metal, such as 
Pt, Ir, Ru, or Rh. Other materials, including oxides, alloys, or compounds of noble 
metals, are also useful. 

[0022] Alternatively, other stable oxides or materials which can serve as a barrier to UV 
radiation are also useful. The thickness of the radiation layer is sufficient to prevent 
the penetration of UV radiation to the ferroelectric layer. In one embodiment, the 
radiation protection layer is about 20 nm thick. Other thicknesses can also be useful, 
depending the material and application. 

[0023] p or conductive radiation protective materials, an insulating layer can be provided 
to prevent shorting of materials of the feature. For example, an insulating layer can be 
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provided between the capacitor and conductive radiation protective material to 
prevent shorting of the eiectrodes of the capacitor. 

[0024] In one embodiment, an encapsulation layer 476 is provided over the capacitor. 

The encapsulation layer, in one embodiment, comprises aluminum oxide (Al O ). 
Other types of non-conductive barrier materials can also be used. A lower barrier 
layer can be provided between the transistor and capacitor to protect, for example, 
the gate stack and contact from oxidizing during high temperature processes, such as 
an oxygen recovery anneal. The encapsulation layer can advantageously serve as the 
insulating layer. A dielectric layer 471 can be provided over the capacitor to provide 
insulation from, for example, a metal layer above. In one embodiment, the dielectric 
layer comprises oxide. Other types of dielectric material including silicon nitride or 
silicate glass, are also useful. 

[0025] Figs. 5-8 show a process form forming a feature 502 protected by a radiation 

protection layer in accordance with one embodiment of the invention. As shown, the 
feature is formed on a substrate. The feature can comprise a circuit feature which is or 
includes material sensitive to UV radiation. Typically, the substrate comprises silicon. 
Other types of semiconductor substrates are also useful. Alternatively, the feature can 
be used to form, for example, electro-mechanical or other types of devices. For such 
applications, the substrate can comprise various types of materials which can support 
the feature. For example, the substrate can be formed from glass or other types of 
materials, depending on the application. 

[0026] In one embodiment, the feature comprises a capacitor 540. Preferably, the 

capacitor comprises a ferroelectric capacitor having a ferroelectric layer 546 between 
top 542 and bottom 541 electrodes. The substrate, in one embodiment, comprises 
silicon or other types of semiconductor material. The substrate can be prepared with, 
for example, a dielectric layer 570. The dielectric layer serves as an interlevel 
dielectric which covers other circuit features, such as transistors formed on the 
substrate below. In one embodiment, the dielectric layer comprises oxide. Other types 
of dielectric material including silicon nitride or silicate glass, are also useful. 

[0027] | n one embodiment, a plug is provided in the dielectric layer, coupling the bottom 
electrode to a diffusion region of a transistor. The capacitor and transistor form a 
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memory cell. Although only one capacitor is shown, it is understood that a plurality of 



capacitors can be provided to form a memory array. Alternatively, the capacitors can 
be arranged as capacitor pairs, such as those described in Fig. 4. 



[0028] 



A barrier layer 556, in one embodiment, is provided between the plug and bottom 



electrode. The barrier layer inhibits the diffusion of oxygen which can oxidize the 
plug. Materials such as iridium can be used to form the barrier layer. Other types of 
barrier materials which inhibit diffusion of oxygen are also useful. An adhesion layer 
comprising, for example titanium nitride or titanium, can be provided between the 
barrier and dielectric layer to promote adhesion. 

[0029] In one embodiment, the capacitor can be formed using conventional techniques. 
Such techniques include, for example, depositing the various layers of the capacitor 
on the substrate and patterning them together using mask and etch processes. 
Alternatively, the capacitor layers can be patterned in multiple processes. For 
example, ferroelectric layer and top electrode can be patterned first, followed by 
patterning of the bottom electrode. Such two step processes are useful for forming 
capacitor pairs. Also, the bottom electrode layer can be deposited and patterned 
followed by the deposition and patterning of the other layers of the capacitor. 

[0030] Referring to Fig. 6, an encapsulation layer 676 is formed on the substrate, 

covering the capacitor. The encapsulation layer prevents diffusion of oxygen to the 
capacitor. Preferably, the encapsulation layer comprises an insulating material. In one 
embodiment, the encapsulation layer comprises aluminum oxide (Al O ). Other 
types of barrier materials are also useful. The encapsulation layer is formed by 
conventional techniques. Such techniques include, for example, sputtering or atomic 
layer deposition. 

[0031] | n pjg 7( a ra dj a tion protection layer 780 is deposited on the substrate. The 

radiation protection layer covers the capacitor and substrate. In one embodiment, the 

radiation protection layer comprises, a noble metal such as Pt, Ir, Ru, Rh. Other 

thermally stable oxide conductors such as IrO , RuO or materials which can block 

2 2 

UV radiation can also be used. In one embodiment, the radiation protection layer 
comprises Pt. The thickness of the radiation protection layer should be sufficiently 
thick to prevent the penetration of UV radiation. The radiation protection layer, for 
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example, is about 20 nm thick. Other thicknesses may also be useful. Various 
techniques, such as sputtering or chemical vapor deposition (CVD), can be used to 
form the radiation protective layer. 



[0032] 



Referring to Fig. 8, an anisotropic etch is performed. The anisotropic etch, for 



example, comprises a reactive ion etch (RIE). Other etch techniques are also useful. 
The etch, in one embodiment, is selective to the encapsulation layer. The etch 
removes the horizontal parts of the radiation protection layer, forming spacers 880 on 
the sidewalls of the capacitor. 

[0033] After the spacers are formed, a dielectric layer 871 is deposited on the substrate, 
serving as an interlevel dielectric to isolate the capacitor from a metal layer above. The 
process continues to complete the fabrication process. For example, the process 
continues to complete forming the memory cells, such as interconnections, 
passivation, and packaging. 

[0034] While the invention has been particularly shown and described with reference to 
various embodiments, it will be recognized by those skilled in the art that 
modifications and changes may be made to the present invention without departing 
from the spirit and scope thereof. The scope of the invention should therefore be 
determined not with reference to the above description but with reference to the 
appended claims along with their full scope of equivalents. 
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